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A.C. arc welder

The present invention relates to a phase-con-
trolled a.c. arc welder of the kind defined in the
precharacterizing part of claim 1.

In general, a.c. arc welders have been widely
used in welding a metal, particularly of a type
tending to produce a high resistance oxide layer
over the weld-deposited surface, such as an
aluminium or a magnesium. To produce a stable
constant arc during the welding, it is necessary
to control the welding current. To meet this end,
an arc welder having a movable iron core in its
transformer has long been employed to control
the welding current but it has been found to
have some disadvantages and inconveniences.
By way of example, the adjustment of the
output current requires a relatively long time
and is a time-consuming procedure, such that
the output current from the transformer does
not quickly respond to the adjustment. In
addition, the current lacks stability. Thus, the
welder of the type described above is not
suitable for use in association with a pro-
grammable control.

To improve the response time, an electronic
switch, such as a thyristor or a transistor, is
employed, which conducts to provide welding
current at a certain phase in each half cycle of
the a.c. current. However, this welder also has
such a disadvantage that the welder often fails
to establish arc particularly when the work-
piece, e.g., aluminum, is charged negative. To
prevent this disadvantage, there have been
proposed a.c. arc welders provided with one or
more reactors, as described below in connec-
tion with Figures 1 to 6d.

Figures 1, 2, 3 and 4 are circuit diagrams
showing four major types of phase-controlled
a.c. arc welders, each provided with a reactor
element or elements. Figures 5a and 5b are
waveforms obtained at major points in the
circuit of Figure 1, and Figures 6a to 6d are
circuit diagrams showing a change in the path
of current during the welding operation in each
cycle of a.c. current in the arc welder of Figure
1.

In Figure 1, a reference numeral 101 desig-
nates a pair of input terminals adapted for the
connection with an a.c. power source E; a
reference numeral 102 designates a welding
transformer having a primary winding 102p
connected to the input terminals 101 and
secondary winding 102s; reference numerals
103a and 103b designate first and second uni-
directional controlling rectifiers (referred to as
thyristors hereinbelow), respectively, which are
connected to terminals 102a and 102b of the
secondary winding 102s; a reference numerals
104a and 104b designate reactors having
approximately equal amount of inductance and
connected in series with the thyristors 103a
and 103b, respectively; reference numerals
10ba and 105b designate firing control circuits
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connected to the thyristors 103a and 103b for
alternately firing the thyristors in a frequency of
every half-cycle of a.c. power; a reference
numeral 106 designates a consumable or non-
consumable electrode; a reference numeral 107
designates an arc; and a reference numeral 108
designates a workpiece connected to the
terminal 102b of the secondary winding 102s.
The electrode 106, arc 107 and the workpiece
108 constitute a welding load R.

The thyristors 103a and 103b are connected
in reverse-biased relation to each other, when
viewed from the terminal 102a, to supply
welding current alternately in a frequency of
every half-cycle of a.c. power in response to the
firing pulse from the firing control circuits 105a
and 105b, respectively. The reactors 104a and
104b are so arranged that the magnetic flux
produced in the reactor iron core by the current
flowing through the reactor 104a directs in the
same direction as that produced by the current
flowing through the reactor 104b.

The description is now directed to the opera-
tion of the above described arc welder with
reference to Figures 5a and 5b and Figures 6a
to 6d. In Figures 5a and 5b, a sinusoidal-wave-
form represents no-load voltage Eo produced
from the secondary winding 102s while a
square-waveform represents a voltage drop loR
across the welding load R. It is to be noted that
in the graphs of Figures 5a and 5b, the axes of
abscissas and ordinates represent time and
amplitude, respectively.

The firing control circuit 105a for controlling
the phase of firing the thyristor 103a produces
a firing pulse at a moment T1 shown in Figure
Ba for conducting the thyristor 103a. Upon
conduction of the thyristor 103a, for welding
current lo flows through the terminal 102a, thy-
ristor 103a, reactor 104a, welding load R and
terminal 102b, as shown in Figure 6a. Before it
reaches a moment T2 (symbolized as t<T2), the
voltages are such that Eo>loR, and the pola-
rities at opposite ends of each of the secondary
winding 102s, reactor 104a and welding load R
are as shown in Figure 6a. Since the reactance
L of the reactor 104a has a considerably large
amount, the current lo hardly changes its value.

- However, according to a careful investigation, it

is found that, during said period, the current lo
gradually increases. This increment of the
current lo and the large amount of reactance L
causes the reactor 104a to produce electro-
motive force Eo—loR=e=L(di/dt) with the pola-
rities indicated in Figure 6a and, thus, accumu-
lates energy S1 corresponding to a shaded
portion in Figure 5a.

During t>T2, it becomes such that Eo<loR.
Since the welding current lo gradually
decreases in this period, the reactor 104a
produces a counter electromotive force
—L(di/dt) for dissipating the accumulated
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energy to flow a welding current through the
welding load R in the same direction as the
welding current flew through the welding load R
during t<T2. It is to be noted that the accumu-
lated energy S1 and dissipated energy S2 have

the same amount. As it is described before,

since the inductance L of the reactor 104a is
considerably large, the welding current lo hardly
changes its value and is maintained approxi-
mately at a constant level. During t>T3,
although the polarity of the voltage Eo is
reversed, as shown in Figure 6¢, the continual
dissipation of the accumulated energy in the
reactor 104a supplies approximately equal level
of the welding current lo to the welding load R
in the same direction as the welding current
flew through the welding load R during t<T3.

At a moment T4 (symbolized as t=T4), a
firing pulse is produced from the firing control
circuit 105b towards the thyristor 103b for
conducting the thyristor 103b. Thereupon, a
current flows through a circuit of the terminal
102b of the secondary winding, welding load R,
reactor 104b, thyristor 103b and terminal 102a
of the secondary winding, as shown in Figure
6d. The inductance of the circuit just described
is considerably small except that of the reactor
104b. Since the direction of magnetic flux in
the iron core caused by the current flowing
through the reactor 104b during t>T4 is the
same as the direction of the magnetic flux in the
irion core caused by the current flowing through
the reactor 104a during t<T4 and, since the
reactance L is considerably large, the current
flowing through the reactor 104b, that is, the
absolute value of the current flowing through
the welding load R is approximately equal to the
current flowing through the load R during t<T4.
At this moment, the polarity of the welding load
R and the reactor 104b is as shown in Figure
6d, so that the reactor 104a generates an
electromotive force providing positive voltage
to the cathode of the thyristor 103a. Since, at
this moment, the terminal 102a of the
secondary winding 102s is already reversed to
negative, the thyristor 103a will be brought to a
non-conductive state. After the moment T4, a
similar operation is repeated.

Figure 5b shows waveforms similar to that of
Figure 5a, but the firing angle of the firing pulse
produced from each of the firing control circuits
106a and 105b is delayed from 1 to 62. In
Figure bb, the energy S1 accumulated by the
electromotive force Eo—I'oR=e=L(di/dt) during
Eo>l'oR and the energy 52 dissipated during
Eo<I'oR have the same amount, wherein l'o is a
current flow obtained when the phase is
changed to 62. As apparent from Figure 5b,
when the firing angle is delayed, the moment
when the polarity of the current lo’ is reversed
is delayed, and at the same time, the level of the
current lo’ is reduced. The operation is similar
to that described above with reference to
Figures 6a to 6d.

As apparent from the foregoing description,
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the current supplied to the welding load may
not take any interception time, even in the case
where the level of the welding current is small.
Furthermore, the polarity of the current is
changed abruptly after each half-cycle of the
power supply.

The above described arc welder is disclosed
in Japanese Patent Application which has been
laid open to public inspection on March 15,
1977 under No. 33855/1977.

Figures 2 to 4 show arc welders similar to
the arc ‘'welder shown in Figure 1. The arc
welder shown in Figure 2 has first and second
secondary windings 102s and 102t for
providing separate circuits for the positive and
negative haif-cycles of the a.c. current from the
source E. The arc welder of Figure 3 has four
thyristors 103a, 103b, 103¢ and 103d
connected in the form of a bridge circuit with a
reactor 104 connected between a junction
between the thyristors 103a and 103c and a
junction between thyristors 103b and 103d.
The arc welder of Figure 4 has secondary
windings 102s and 102t, four thyristors 103a
to 103d and reactor 104 connected as shown.

The arc welder of Figure 1 is referred to as a
principie type arc welder, the arc welder of
Figure 2 is referred to as a paraliel type, the arc
welder of Figure 3 is referred to as a bridged
type, and the arc welder of Figure 4 is referred
to as a double control type, hereinafter.

Although each of the arc welders described
above in connection with Figures 1 to 6d has a
quick response to stabilize the welding current,
and a considerably high voltage at the
beginning of each half-cycle to ensure the
establishment of the arc, there is such a disad-
vantage as described below.

When the reactor, e.g., 104a of Figure 1,
starts to dissipate energy at the moment T2, it
produces a current in a clockwise direction as
shown in Figure 6b. At this moment, since the
terminal 102a of the secondary winding 102s
has a positive potential, the current from the
reactor 104a will be aided with the current from
the secondary winding 102s. Thus, the current
from the reactor 104a effective to produce arc
will not be reduced. However, after the polarity
of the voltage Eo is reversed, i.e., after the
moment T3, the potential at the terminal 102a
changes to negative, and terminal 102b to posi-
tive, as shown in Figure 6¢. Therefore, the
current from the reactor 104a will be counter-
acted by the current from the secondary
winding 102s. Thus, in the period T3<t<T4, the
current from the reactor 104a will not be fully
utilized as an effective current to produce arc. In
other words, when viewed in Figure 5a or &b, of
all dissipated energy S2, only an energy S2a, a
so-called effective energy is effectively con-
sumed in the welding load R, whereas an
energy S2b, a so-called reactive energy, is
returned back to the source E without carrying
out any work.

Accordingly, in order for the arc welders
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described above to produce arc during the
period T3<t<T4, it is necessary to provide a
réfactor having a considerably large inductance
to produce a current sufficiently large to over-
come the opposing current from the source E.
Thus, the welder itself becomes heavy and
bulky and, at the same time, the power neces-
sary to run the welder becomes high.

Furthermore, since the firing phase of the
thyristor must be set within 909, it is difficult to
carry out a precise adjustment.

Accordingly, it is an object of the present
invention to provide an improved a.c. arc welder
of the aforementioned type which fully utilizes
the accumulated energy in the reactor and
which is simple in construction and can readily
be manufactured at low cost.

For accomplishing this object the invention
provides an a.c. arc welder having the features
defined in claim 1.

From US—A—3 621 372 there has been
known a pulse-width modulated power supply
having a reactor in series with a load with a
bypass circuit in parallel to the reactor and load,
the bypass circuit having a switching circuit for
rendering the bypass circuit conductive during a
period of dissipation of the power accumulated
in the reactor.

This prior art circuit is for charging a battery
from a pulse width modulated power supply,
and the bypass circuit serves as a current
sensor for sensing, during the pulse intervals, a
current which is representative for the charging
current provided by the pulses. Application in an

a.c. arc welding circuit is neither suggested nor

conceivable.

These and other objects and features of the
present invention will become apparent from
the following description taken in conjunction
with preferred embodiments thereof with
reference to the accompanying drawings,
throughout which like parts are designated by
like reference numerals, and in which:

Figure 1 is a circuit diagram of principle type
a.c. arc welder according to the prior art;

Figure 2 is a circuit diagram of parallel type
a.c. arc welder according to the prior art;

Figure 3 is a circuit diagram of bridged type
a.c. arc welder according to the prior art;

Figure 4 is a circuit diagram of double control
type a.c. arc welder according to the prior art;

Figures ba and 5b are waveforms obtained
from the arc welder of Figure 1;

Figures 6a to 6d are circuit diagrams for
explaining change of current flow through the
circuit of Figure 1;

Figure 7 is a circuit diagram of principle type
a.c. arc welder with transistor control system
according to the present invention;

Figures 8a and 8b are waveforms obtained
from the arc welder of Figure 7;

Figures 9a to 9f are circuit diagrams for
explaining change of current flow through the
circuit of Figure 7;
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Figure 10 is a detailed circuit diagram of the
circuit of Figure 7;

Figure 11 is a graph showing waveforms
obtained from major points in the circuit of
Figure 10;

Figure 12 is a circuit diagram of principle
type a.c. arc welder with gate turn-off thyristor
control system according to the present
invention;

Figure 13 is a detailed circuit diagram of the
circuit of Figure 12;

Figure 14 is a graph showing waveforms
obtained from major points in the circuit of
Figure 13;

Figure 15 is a circuit diagram of principle
type a.c. arc welder with thyristor control
system according to the present invention;

Figure 16 is a detailed circuit diagram of the
circuit of Figure 15;

Figure 17 is a graph showing waveforms
obtained from major points in the circuit of
Figure 16.

Figure 18 is a circuit diagram of parallel type
a.c. arc welder with transistor control system
according to the present invention;

Figures 19a to 19d are circuit diagrams for
explaining changed of current flow through the
circuit of Figure 18;

Figure 20 is a circuit diagram of paraliel type
a.c. arc welder with gate turn-off thyristor
control system according to the present inven-
tion:

Figure 21 is a circuit diagram of parallel type
a.c. arc welder with thyristor control system
according to the present invention;

Figure 22 is a circuit diagram of bridged type
a.c. arc welder with transistor control system
according to the present invention;

Figures 23a to 23d are circuit diagrams for
explaining change of current flow through the
circuit of Figure 22;

Figure 24 is a circuit diagram of bridged type
a.c. arc welder with gate turn-off thyristor
control system according to the present
invention;

Figure 25 is a circuit diagram of bridged type
a.c. arc welder with thyristor control system
according to the present invention;

Figure 26 is a circuit diagram of double
control type a.c. arc welder with transistor
control system according to the present
invention;

Figures 27a to 27d are circuit diagrams for
explaining change of current flow through the
circuit of Figure 26;

Figure 28 is a circuit diagram of double
control type a.c. arc welder with gate turn-off
thyristor control system according to the
present invention;

Figure 29 is a circuit diagram of double
control type a.c. arc welder with thyristor
control system according to the present
invention; and

Figure 30 is a circuit diagram showing a
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modification of a.c. arc welder shown in Figure
7.

Before the detailed description of the pre-
ferred embodiments proceeds, it is to be noted
that the present invention is described with
reference to four major types of a.c. arc welder,
which are namely principle type, paralle! type,
bridged type and double control type, and each
type is described with reference to three
different control systems, which are transistor
control system, gate turn-off (GTO) thyristor
control system and thyristor control system.

Principle type

Referring to Figure 7, there is shown a sche-
matic circuit of a principle type a.c. arc welder
with transistor control system. The illustrated
circuit includes a welding transformer 2 having
a primary winding 2p and a secondary winding
2s. The primary winding 2p is connected to a
source of electric power E through a pair of
terminals 1. The secondary winding 2s has a
pair of terminals 2a and 2b, in which the
terminal 2a is connected through a series circuit
of a thyristor 3a and a reactor 4a to a con-
sumable or non-consumable electrode 6. A
series circuit of a thyristor 3b and a reactor 4b
is connected in parallel to the series circuit of
the thyristor 3a and the reactor 4a. The thy-
ristors 3a and 3b are coupled with fire control
circuits 5a and b6b, respectively, and are
connected in reverse-biased relation to each
other, when viewed from the terminal 2a, to
supply welding current alternately in a fre-
quency of every half-cycle of a.c. power in
response to the firing pulse from the firing
control circuits ba and 5b. A junction J1
between the thyristor 3a and the reactor 4a is
connected through a transistor 9a to the
terminal 2b of the secondary winding 2s.
Similarly, a junction J2 between the thyristor
3b and the reactor 4b is connected through a
transistor 9b to the terminal 2b of the
secondary winding 2s. The transistors 9a and
9b are coupled with switching circuits 10a and
10b, respectively, for turning on and off the
transistors 9a and 9b. A workpiece 8 positioned
close to the electrode 6 is connected to the
terminal 2b of the secondary winding 2s. The
electrode 6, workpiece 8 and an arc established
therebetween constitute a welding load R.

The operation of the welder of Figure 7 is
described with reference to Figures 8a and 8b
and Figures 9a to 9f. In Figures 8a and 8b, a
sinusoidal-waveform represents voltage Eo
produced across the secondary winding 2s and
a square-waveform represents a voltage drop
loR across the welding load R. The axes of
abscissas and ordinates in the graphs of Figures
8a and 8b represent time and amplitude,
respectively. In Figures 9a to 9f, arrows show
passages of the current flow at different
welding moments.

In the positive cycle of the a.c. voltage
appearing across the secondary winding 2s, and
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at a predetermined phase 81 corresponding to a
moment T1 in Figure 8a, the fire control circuit
Ba is so actuated as to provide a firing pulse to
the thyristor 3a. Thereupon, a current flows
through the thyristor 3a, reactor 4a and welding
load R in a direction indicated by an arrow in
Figure 9a to produce a welding arc 7 between
the electrode 6 and the workpiece 8. During
T1<t<T2, the voltage are such that Eo>loR,
and the polarities at opposite ends of each of
the secondary winding 2s, reactor 4a and
welding load R are as shown -in Figure 9a.
During this period, the reactor 4a produces an
electromotive force Eo—loR=e=L(di/dt) with the
polarities indicated in Figure 9a, and, thus,
accumulates energy S1 corresponding to a
shaded portion in Figure 8a.

During t>T2, it becomes such that Eo<IoR.
Since the welding current lo gradually
decreases in this period, the reactor 4a
produces a counter electromotive force
—L(di/dt) for dissipating the accumulated
energy to flow a welding current through the
welding load R (Figure 9b) in the same direc-
tion as the welding current flew through the
load R during t<T2. Therefore, the current from
the reactor 4a will be aided with the current
from the secondary winding 2S. Thus, the
current from the reactor 4a is effective to
produce arc 7 between the electrode 6 and the
workpiece 8.

At a moment T3, that is, a moment when the
polarity of the voltage Eo changes, the
switching circuit 10a is so actuated as to turn
the transistor 9a on, thus, establishing a by-
pass circuit between the workpiece 8 and the
junction J1. At this moment, the thyristor 3a is
automatically turned off. Thus, the dissipation
of the energy in the reactor 4a is carried out by
the current flow through the welding load R and
the by-pass circuit constituted by the transistor
9a as indicated by an arrow in Figure 9c.
Therefore, the energy accumulated in the
reactor 4a will not be fed back to the source E
but is efficiently used to establish the welding
arc. In other words, when viewed in Figure 8a,
all the dissipated energy S2, which is equal to
the accumulated energy ST, is used to create
the arc 7. From this stand-point, the reactor 4a
employed in the welder of the present inven-
tion can be formed in a size smaller than that
employed in the conventional welder to dissi-
pate the same amount of energy effective to
produce welding arc.

At a moment T4, that is, a moment when the
predetermined phase @ is advanced in the nega-
tive cycle of the a.c. voltage Eo, the actuation of
the switching circuit 10a ends to turn the tran-
sistor 9a off and, at the same time, a firing pulse
is produced from the fire control circuit bb to
turn the thyristor 3b to a conductive state.
Accordingly, the bypass circuit established by
the transistor 9a is cut off and the welding
current flows between the terminals 2a and 2b
of the secondary winding 2s through the thy-
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ristor 3b, reactor 4b and welding load R, as
shown by an arrow in Figure 9d. During this
current flow, an energy S1 corresponding to the
shaded portion in the negative half cycle shown
in Figure 8a is accumulated in the reactor 4b.

When the voltage IoR across the welding
load R becomes equal to the voltage across the
terminals 2a and 2b as occurred at a moment
T5, the energy accumulated in the reactor 4b
starts to dissipate by a current flow through the
path as shown by an arrow in Figure 9e.

At a moment T6, when the polarity of the
voltage Eo changes, the switching circuit 10b is
actuated to tumn the transistor 9b on and, thus,
establishing a bypass circuit between the work-
piece 8 and the junction J2. At this moment,
the thyristor 3b is automatically turned off.
Thus, the dissipation of the energy in the
reactor 4b is carried out by the current flow
through the welding load R and the bypass
circuit constituted by the transistor 9b as
shown by an arrow in Figure 9f. The flow of the
current through the bypass circuit constituted
by the transistor 9b continues until the fire
control circuit 5a produces a firing pulse to start
a new cycle of operation.

it is to be noted that the timing for estab-
lishing the bypass circuit, e.g, the one con-
stituted by the transistor 9a should not neces-
sarily be at the moment T3, that is, when the
polarity of the voltage Eo changes, but can be at
any moment during the dissipation of the
energy accumulated in the reactor. For example,
in the case of bypass circuit constituted by the
transistor Ya, the switching circuit 10a can be
actuated at any moment between T2 and T4.
However, when the turning on moment of the
transistor 9a falls between T2 and T3 and as it
reaches close to the moment T2, the supply of
waelding current from the secondary winding 2s
to establish welding arc becomes small. On the
other hand, when the turning on moment of the
transistor 9a falls between T3 and T4 and as it
reaches close to the moment T4, the supply of
welding current from the reactor 4a becomes
small. Therefore, from this standpoint, it is
understood that the welding current is supplied
most sufficiently to the welding load R when
the transistor 9a is turned on at the moment T3.

It is also to be noted that the timing for
cutting off the bypass circuit, e.g., the one with
the transistor 9a should not necessarily be at
the moment T4, that is, when the firing pulse is
applied to the thyristor 3b, but it can be at a
moment a little before or after the moment T4.
in the case where the bypass circuit, e.g., the
one with the transistor 9a is cut off before the
thyristor 3b conducts, the energy still remaining
in the reactor 4a provides a high voltage across
the transistor 9a. Therefore, in this case, the
transistor 9a should be of a type capable of
withstanding high voltage, or otherwise it
should be provided with a protection circuit.

Referring to Figure 8b, there is shown wave-
forms obtained when the firing phase 6 is
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delayed to reduce the welding power. Since the
energy accumulated in the reactor 4a or 4b can
be fully utilized as an effective power to carry
out the welding, it is possible to delay the firing
phase 8 more than 90°, Therefore, it is possible
to carry out a precise control of the welding
current applied to the load R.

Referring to Figure 10, there is shown one
specific circuit diagram used for the principle
type a.c. arc welder with transistor control
system. In Figure 10, the fire control circuits 5a
and 5b include windings 51a and 52a, respec-
tively, which are assembled in association with
a firing pulse generator 50. The firing pulse
generator 50 includes a transformer 53 having
a primary winding 53p and a secondary winding
53s. The primary winding 53p is connected in
parallel to the primary winding 2p of the
welding transformer 2. The secondary winding
53s of the transformer has a pair of end taps
53a and 53b and also a center tap 53¢ in which
the center tap 53c is connected to ground. The
end tap 53a is connected through suitable
diode Da and resistor to a diode D1 and further
to ground. A series circuit of a resistor, a uni-
junction transistor UJT1 and a winding 51b is
connected in parallel to the diode D1. Also a
series circuit of a transistor T1 and a capacitor
C1 is connected in parallel to the diode D1. A
junction between the transistor T1 and the
capacitor C1 is connected the emitter of the
transistor UJT1. The winding 51b has a core
which is in common with the winding 51a so
that the signal generated in the winding 51b is
transferred to the winding 51a. The base of the
transistor T1 is connected through a suitable
resistor to a collector of a transistor T2. The
emitter of the transistor T2 is connected to
ground.

The other end tap 53b of the secondary
winding 53s is connected through suitable
diode D6 and resistor to a diode D2 and further
to ground. A series circuit of a resistor, a uni-
junction transistor UJT2 and a winding 52b is
connected in parallel to the diode D2. Also a
series circuit of a resistor, a transistor T3 and a
capacitor C2 is connected in parallel to the
diode D2. A junction between the transistor T3
and the capacitor C2 is connected to the
emitter of the transistor UJT2. The winding 52b
has a core which is in common with the
winding 52a so that the signal generated in the
winding 52b is transferred to the winding 52a.
The base of the transistor T3 is connected
through a suitable resistor to the collector of the
transistor T2.

The firing pulse generator 50 further includes
a comparator 54 having its one input connected
to a voltage setting circuit 55 constituted by a
rheostat 55a and a source of voltage 55b. The
other input of the comparator 54 is connected
through a bridged rectifier 56 to a saturation
reactor 57 which detects the welding current
supplied to the workpiece 8. A winding 58
having its primary side in common with the
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winding 53p of the transformer 53 is connected
between the bridged rectifier 56 and the
saturation reactor 57 for exciting the saturation
reactor 57.

Instead of only one transistor 9a, the bypass
circuit between the junction J1 and the work-
piece 8 in the circuit of Figure 10 is constituted
by a protection diode Dc and transistors 9a1
and 9a2 which are connected in Darlington
circuit. Similarly, the bypass circuit between the
junction J2 and the workpiece 8 is constituted
by a protection diode Dd and transistors 9b1
and 9b2 connected in Darlington circuit. The
terminals C and D shown in the former bypass
circuit are connected to the corresponding
terminals C and D of the switching circuit 10a
shown at the bottom of Figure 10 whereas the
terminals A and B shown in the latter bypass
circuit are connected to the corresponding
terminals A and B of the switching circuit 10b
shown in Figure 10,

The switching circuit 10a includes a
secondary winding 60s having a pair of taps
60a and 60b. A thyristor 61 is connected
between the taps 60a and 60b through suitable
. diode and resistor. The gate of the thyristor 61
is connected through a resistor and a diode to a
winding 62 which has its core in common with
that of the winding 52b for transmitting a signal
generated in the winding 52b to the gate of the
thyristor 61. The terminal C is connected
through resistors to the winding 62 and the
terminal D is connected to the tap 60b.

The switching circuit 10b has a similar
structure to that of the switching circuit 10a
described above and includes winding 70s,
thyristor 71 and winding 72. The winding 72
has its core in common with that of the winding
51b for transmitting a signal generated in the
winding 51b to the gate of the thyristor 71.

The operation of the circuit of Figure 10 is
now described with reference to waveforms
shown in Figure 11.

The sinusoidal waveform across the ter-
minals 1 is transferred to the secondary winding
53s of the transformer 53. In the positive half-
cycle of the a.c. voltage, the waveform of
voltage across the winding 53s is reshaped by
the diode D1 to a waveform shown by a dotted
line in a row b of Figure 11. This dotted line
waveform appearing at the cathode side of the
diode D1 is impressed across the capacitor C1
to gradually increase the voltage at the emitter
of the transistor UJT1. When the emitter
voltage of the transistor UJT1 reaches a pre-
determined voltage, the transistor UJT1 is so
actuated as to conduct its emitter with its base
connected with the winding 51b. Accordingly,
the capacitor C1 is discharged through the
winding 51b to produce a pulse from the
winding 51b. Then, the capacitor C1 is again
gradually charged to repeat the same opera-
tion. Therefore, during the positive half-cycle of
the a.c. voltage, sawtooth waves are produced

across the capacitor C1 as shown by a real line
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in a row b of Figure 11. Everytime when the
capacitor C1 is discharged, a pulse signal is
generated in the winding 51b to excite asso-
ciated windings 51a and 72. Thus, the windings
51a and 72 produce pulse signals as indicated
in a row c of Figure 11. The timing in which the
pulse signals are generated is determined by
the conductivity of the transistor T1, which is
further controlled by the transistor T2.

During the negative half-cycle of the a.c.
voltage, a similar charging operation is carried
out in the capacitor C2 to generate pulse
signals, as indicated in a row d of Figure. 11,
from the winding 52b. These pulse signals
appear across the windings 51b and 62.

As mentioned above, the timing for
generating pulse signals across the winding
51b is determined by the conductivity of the
transistor T1, whereas the timing for generating
pulse signals across the winding 52b is deter-
mined by the conductivity of the transistor T3.
The conductivity of the transistors T1 and T3 is
controlled simultaneously by the transistor T2.
The manner in which the transistors T1 and T3
are controlled is described later.

The operation of the switching circuit 10a is
as follows. During the negative half-cycle of the
a.c. voltage, the voltage across the winding 60s
appears between the terminals C and D from
the beginning of the negative half-cycle until
the winding 62 is excited to provide firing pulse
to the thyristor 61 to short-circuit the terminals
60a and 60b. It is needless to say that no signal
appears between the terminals C and D during
the positive half-cycle of the a.c. voltage.
Accordingly, the voltage in a form of sawtooth
as shown in a row f of Figure 11 is produced
between the terminals C and D. Likewise, the
switching circuit 10b produces sawtooth signal
in the positive half-cycle of the a.c. voltage as
shown in a row e of Figure 11.

A thorough operation of the circuit of Figure
10 is now described. At the moment T1, the
winding 51b produces the first pulse {row ¢ of
Figure 11) which is applied through the winding
51a to the thyristor 3a to flow welding current
from the terminal 2a to the load R: During this
current flow, energy is accumulated in the
reactor 4a. When the voltage across the load R
becomes equal to the voltage at the terminal
2a, that is, at the moment T2, the energy
accumulated in the reactor 4a starts to dissi-
pate in a form of current, aiding the current
from the terminal 2a. Then, when the polarity of
the a.c. voltage -changes from positive to
negative (moment T3), the switching circuit
10a starts to produce signal (row f of Figure 11)
to conduct the transistor 9a1. Accordingly, the
current from the reactor 4a flows through the
bypass circuit constituted by the transistor 9a1.
Thereafter, at the moment T4, the winding 52b
generates a pulse signal (row d of Figure 11) to
cut off the signal across the terminals C and D
and also to conduct the thyristor 3b. Accord-
ingly, the welding current flows from the
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terminal 2b through the load R to the terminal
2a. During this current flow, energy is accumu-
lated in the reactor 4b. Then, at the moment T6,
the transistor 9b1 is conducted by the signal
(row e of Figure 11) generated from the
switching circuit 10b to flow the current from
the reactor 4b through the bypass circuit con-
stituted by the transistor Sb1. Thereafter, at the
moment T7, the winding 51b is excited again to
produce a pulse which cuts off the signal across
the terminals A and B and conducts the thy-
ristor 3a. After the moment T7, a similar
operation is repeated.

During the above described operation, the
welding current is maintained in a predeter-
mined level set by the rheostat 55a in a manner
described below. When the welding current
exceeds the predetermined value, the voltage at
the negative input of the comparator 54
exceeds that at the positive input of the
comparator 54. Thus, the comparator 54
produces a low level signal, which is applied to
the base of the transistor T2. Accordingly, the
conductivity of the transistor T2 is lowered to
increase the base voltage of the transistors T1
and T3. Thus, the conductivity of each of the
transistors T1 and T3 is lowered to increase the
time constant of the capacitors C1 and C2,
resulting in a longer period of time to charge the
capacitors C1 and C2. Thus, the timing at which
the first pulse from each of the windings 561b
and 52b is produced is delayed. As a con-
sequence, the welding current is reduced to the
predetermined level set by the rheostat 55a. A
similar operation is carried out when the
welding current becomes lower than the pre-
determined level.

Referring to Figure 12, there is shown a
schematic circuit of a principle type a.c. arc
welder with GTO thyristor control system. In-
stead of transistors 9a and Sb as indicated in
Figure 7, this arc welder has gate turn-off (GTO)
thyristors 9¢ and 9d, respectively, to constitute
the bypass circuits. The GTO thyristors 9¢ and
9d are controlled by the fire control circuits 10c
and 10d, respectively. A detailed circuit for this
arc welder is shown in Figure 13 in which only
the parts which are different from the circuit of
Figure 10 are described.

in Figure 13, the GTO thyristor 9¢ con-
stituting the bypass circuit between the junction
J1 and the workpiece 8 has a gate which is
connected through diode D3, suitable resistor,
transistor T4 and battery E1 to the cathode of
the GTO thyristor 9¢c. The base and emitter of
the transistor T4 are connected to terminals E
and F, respectively. When a pulse signal is
applied between the terminals E and F, a nega-
tive going pulse is applied to the gate of the
GTO thyristor 9¢ for turning off the same. The
gate of the GTO thyristor 9¢ is also connected
through diode D4, suitable resistor, transistor
T5 and battery E2 to the cathode of the GTO
thyristor 9c. The base and emitter of the tran-
sistor T5 are connected to terminals G and H,
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respectively. When a pulse signal is applied
between the terminals G and H, a positive going
pulse is applied to the gate of the GTO thyristor
for turning on the same. The terminals E, F, G
and H are connected to the corresponding
terminals in the fire control circuit 10c which
will be described later.

Similar to the GTO thyristor ¢, the GTO
thyristor 9d has a gate which is connected
through diode Db, suitable resistor, transistor
T6 and battery E3 to the cathode side of the
GTO thyristor 9d. The base and emitter of the
transistor T6 are connected to terminals | and J,
respectively. When a pulse signal is applied
between the terminals | and J, a positive going
pulse is applied to the gate of the GTO thyristor
9d for turning on the same. The gate of the GTO
thyristor 9d is also connected through diode D86,
suitable resistor, transistor T7 and battery E4 to
the cathode side of the GTO thyristor 9d. The
base and emitter of the transistor T7 are
connected to terminals K and L, respectively.
When a pulse signal is applied between the ter-
minals K and L, a negative going pulse is
applied to the gate of the GTO thyristor 9d for
turning off the same. The terminals |, J. Kand L .
are connected to corresponding terminals in the
fire control circuit 10d described later.

The fire control circuit 10c has, as shown at
the bottom of Figure 13, a network similar to
that of the switching circuit 10a shown in
Figure 10, but further includes transistors T8
and T9, capacitor C3, diodes D7 and D8 and
pulse transformers 66 and 67. It is to be noted
that the capacitor C3, diode D7 and winding of
the pulse transformer 67 constitute a first
differentiation circuit, and the capacitor C3,
diode D8 and winding of the pulse transformer
66 constitutes a second differentiation circuit.
The secondary winding of the transformer 66 is
connected between terminals E and F, while the
secondary winding of the transformer 67 is
connected between terminals G and H.
Similarly, the fire control circuit 10d has a
network similar to that of the switching circuit
10b shown in Figure 10, but further includes
transistors T10 and T11, capacitor C4, diodes
D9 and D10 and transformers 76 and 77. The
secondary winding of the transformer 76 is
connected between terminals K and L, while the
secondary winding of the transformer 77 is
connected between terminais | and J.

The operation of the circuit of Figure 13 is
described below.

In the positive half-cycle of the a.c. voltage,
the winding 51b is excited to generate pulse
which is transferred to the winding 51a for
conducting the thyristor 3a. Thereupon, welding
current is applied through the junction J1,
reactor 4a to the welding load R in the same
manner described above. When the cycle is
inverted from positive to negative, a sawtooth
waveform as shown in a row i of Figure 14 is
applied to the base of the transistor T8.
Thereupon, a rectangular pulse having a wave-
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form as shown in a row j of Figure 14 is
produced from the collector of the transistor T9.
By the step up of the rectangular pulse, the first
differentiation circuit mentioned above is so
actuated as to generate a pulse as shown in a
row k of Figure 14 at the moment T3 between
the terminals G and H. Likewise, by the step
down of the rectangular pulse, the second
differentiation circuit is so actuated as to
generate a pulse as shown in a row m of Figure
14 at the moment T4 between the terminals E
and F, The pulse produced from the terminals G
and H is used for turning the thyristor 9¢c on and
the pulse produced from the terminals E and F
is used for turning the thyristor 9¢ off. There-
fore, the thyristor 9¢ is maintained in a conduc-
tive state during a time interval between the
moments T3 and T4 for establishing the bypass
circuit between the junction J1 and the work-
piece 8 in that period to allow the dissipation of
accumulated energy in the reactor 4a. Approxi-
mately at the same time when the pulse is
produced from the terminals E and F, the first
pulse in the negative half-cycle is produced
from the winding 52b (row d of Figure 14) to
conduct the thyristor 3b. Thereafter, at the
moment T6, a pulse is produced from the
terminals | and J to turn the thyristor 9d on,
and, at the moment T7, a pulse is produced
from the terminal K and L to turn the thyristor
9d off. Then, another cycle of operation is
repeated.

Referring to Figure 15, there is shown a
schematic circuit of a principle type a.c. arc
welder with thyristor control system. The
bypass circuit between the junction J1 and the
workpiece 8 in this embodiment is constituted
of a thyristor 9e which is controlled by the fire
control circuit 10e. A series circuit of a capa-
citor Cb, an inductor L1 and a thyristor 9f which
is controlled by the fire control circuit 10f is
connected parallel to the thyristor 9e.
Furthermore, a diode De is connected parallel to
the thyristor 9f. Similarly, the bypass circuit
between the junction J2 and the workpiece 8
includes thyristors 9g and 9h, which are con-
trolled by fire control circuits 10g and 10h,
respectively, a capacitor C6, an inductor L2 and
a diode Df. A detailed circuit for this arc welder
is shown in Figure 16.

Referring to Figure 16, a combined circuit of .

the fire control circuits 10e and 10f which has
been described as connected to the thyristors
9e and 9f, respectively, has an identical net-
work as the fire control circuit 10¢ shown in
Figure 13, and a combination circuit of the fire
control circuits 10g and 10h which has been
described as connected to the thyristors 9g and
9h, respectively, has an identical network as the
fire control circuit 10d shown in Figure 13. The
terminals G and H of the combination circuit of
circuits 10e and 10f are so connected as to
control the thyristor 9e, and the terminals E and
F are so connected as to contro! the thyristor 9f.

Likewise, the terminals | and J are so connected N

10

15

20

25

30

35

40

45

50

55

60

65

as to control the thyristor 9g, and the ter-
minals, L and K are so connected as to control

- the thyristor 9H. The operation of the circuit of

Figure 16 is described below.

When the thyristor 3a is turned on at the
moment T1, the current from the terminal 2a
flows, in addition to that flowing through the
load R, through the capacitor C5, inductor L1
and diode De to the terminal 2b for charging the
capacitor . C5. Accordingly, a side of the
capacitor C5 which is in common with cathode
side of the thyristor 9e is charged with positive
polarity as illustrated in Figure 15. Although the
capacitor C5 may be charged without the
employment of the inductor L1, the capacitor
C5 can be charged with higher voltage than
that from the terminal 2a if an inductor forming
a resonance circuit with the capacitor Cb is
provided. For this reason, the inductor L1 is
coupled with the capacitor C5. When the
polarity at the terminal 2a is changed from posi-
tive to negative at the moment T3, the
terminals G and H produces a pulse (row m of
Figure 17) to tum the thyristor 9e on. Accord-
ingly, the energy accumulated in the reactor 4a
starts to dissipate through the thyristor Ye.
During the dissipation of the energy, the
capacitor C5 is maintained in the charged
condition. Then, at the moment T4, the
terminals E and F produces a puise {row n of
Figure 17) to turn the thyristor 9f on. There-
upon, the capacitor C5 is discharged by a
current flow through thyristor 9e in a reverse
direction, thyristor 9f in a forward direction and
inductor L1. Accordingly, by the discharge of
the capacitor C5, the thyristor 9e is turned to
non-conductive state. The waveform shown in a
row p of Figure 17 represents current flowing
through the thyristor 9e. At the moment T4, the
thyristor 3b is also turned on to start the flow of
welding current through the load R in the
reverse direction than before. During this flow
of welding current, the capacitor C6 is charged.
Then, at the moment T6, the thyristor 9g is
turned on by a pulse (row g of Figure 17)
received from the terminals | and' J to dissipate
energy accumulated in the reactor 4b. There-
after, at the moment T7, the thyristor Sh is
conducted by a pulse (row h of Figure 17) to
discharge the capacitor C6. By the discharge of
the capacitor C6, a reverse biased current flows
through the thyristor 9g which counteracts on
the forward biased current to turn the thyristor
9g to a non-conductive state. The waveform
shown in a row 1 of Figure 17 represents current
flowing through the thyristor 9g. At the moment
T7, the thyristor 3a is again turned on to start a
new cycle of operation. It is to be noted that
reactors 4a and 4b can be formed to have a
common core as shown in Figure 30.

Parallel type

Referring to Figure 18, there is shown a
schematic circuit of a parallel type a.c. arc
welder with transistor control system. The
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circuit includes welding transformer 2 having a
primary winding 2p and two secondary
windings 2s and 2t. Connected across the
secondary winding 2s is a series circuit of thy-
ristor 3a, reactor 4a and welding load R. Tran-
sistor 9a is connected between the junction J1
and the workpiece 8. A similar circuit having
thyristor 3b, reactor 4b, fransistor 9b is
connected across the secondary winding 2t.
The transistors 9a and 9b are coupled with
switching circuits 10a and 10b, respectively,
having a structure similar to those shown in
Figure 10. The operation of the parallel type a.c.
arc welder with transistor control system is
described below in connection with Figures 19a
to 19d and Figure 8a.

When the thyristor 3a is conducted at the
moment T1, welding current flows from the
terminal 2a, through the thyristor 3a, reactor 4a
and welding load R to the terminal 2b, as
indicated by an arrow shown in Figure 19a.
During the current flow, energy is accumulated
in the reactor 4a. When the voltage across the
load R becomes greater than that across the
terminals 2a and 2b (moment T2), the energy
accumulated in the reactor 4a starts to dissi-
pate to aid the current from the source. Thus,
the current continues to flow through the same
path as before. Then, when the polarity of the
voltage across the winding 2s is changed at the
moment T3, the transistor Sa is conducted to
flow the current from the reactor 4a there-
through, as indicated by an arrow shown in
Figure 19c. Then, at the moment T4, the thy-
ristor 3b is conducted to flow the current as
indicated by an arrow shown in Figure 19d.
During this current flow, energy is accumulated
in the reactor 4b which is then dissipated in a
similar manner described above to complete
one cycle of operation.

Referring to Figure 20, there is shown a
schematic circuit of a parallel type a.c. arc
welder with GTO thyristor control system.
Instead of transistors 9a and 9b shown in
Figure 18, the welder of Figure 20 includes GTO
thyristors 9¢ and 9d which are coupled with fire
control circuits 10c and 10d, respectively. The
control circuits 10c and 10d have a network
similar to those circuits 10c and 10d shown in
Figure 13. Since the a.c. welder of Figure 20
operates in a manner similar to the welder of
Figure 18, a further description therefor is
omitted.

Referring to Figure 21, there is shown a
schematic circuit of a parallel type a.c. arc
welder with thyristor control system. This circuit
employs thyristors 9e to 9h for establishing by~
pass circuits. The thyristors Se to 9h are con-
trolled in a manner similar to those thyristors 9e
to Sh described above in connection to Figure
18.

Bridged type
Referring to Figure 22, there is shown a
schematic circuit of a bridged type a.c. arc

10

15

20

25

30

35

40

45

50

56

60

65

10

welder with transistor control system. The
circuit includes welding transformer 2 having a
primary winding 2p and a secondary winding
2s. A bridge circuit having four junctions Ja, Jb,
Jc and Jd is connected between the terminal 2a
of the secondary winding 2s and the electrode
6. The bridge circuit includes thyristor 3a
connected between the junctions Ja and Jd,
thyristor 3b connected between the junctions
Jb and Ja, thyristor 3¢ connected between the
junctions Jc and Jd, and thyristor 3d connected
between the junctions Jb and Jc. A reactor 4 is
connected between the junctions Jd and Jb.
The bridged type welder of Figure 22 further
includes a transistor 9a connected between the
junction Jd and the terminal 2b of the
secondary winding, and a transistor 9b
connected between the junction Jb and the
terminal 2b. The switching circuits 10a and 10b
similar to those shown in Figure 10 are
employed for controlling turning on and off
states of the transistors 9a and 9b. The opera-
tion of the bridged type a.c. arc welder with
transistor control system is described below in
connection with Figures 23a to 23d.

At the moment T1, the thyristors 3a and 3d
are both conducted simultaneously to form a
closed circuit through the terminal 2a, thyristor
3a, reactor 4, thyristor 3d, welding load R and
terminal 2b to allow the welding current to flow
therethrough as indicated by an arrow shown in
Figure 23a. During this current flow, energy is
accumulated in the reactor 4. When the voltage
across the load R becomes greater than that
across the terminals 2a and 2b, the energy
accumulated in the reactor 4 starts to dissipate
to aid the current from the source. Thus, the
current continues to flow through the same
path as before, as indicated by an arrow shown
in Figure 23b. Then, when the polarity of the
voltage across the winding 2s is changed at the
moment T3, the transistor 9a is turned on to
flow the current from the reactor 4 there-
through, as indicated by an arrow shown in
Figure 23c. Then, at the moment T4, the thy-
ristors 3b and 3d are conducted to flow current
as indicated by an arrow shown in Figure 23d.
During this current flow, energy is accumulated
in the reactor 4 which is then dissipated in a
similar manner described above to complete
one cycle of operation.

Referring to Figure 24, there is shown a
schematic circuit of a bridged type a.c. arc
welder with GTO thyristor control system. In
place of transistors 9a and 9b, the circuit of
Figure 24 has GTO thyristors 9¢ and 9d which
are coupled with fire control circuits 10c and
10d, respectively. Since the operation is similar
to that described above, a further description
therefor is omitted for the sake of brevity.

Referring to Figure 25, there is shown a
schematic circuit of a bridged type a.c. arc
welder with thyristor control system. This circuit
employs thyristors Se to 9h for establishing by-
pass circuits. The thyristors 9e to 8h are con-
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trolled in a manner similar to those thyristors 9e
to 9h described above in connection with Figure
16.

Double control type

Referring to Figure 26, there is shown a
schematic circuit of a double control type a.c.
arc welder with transistor control system. The
circuit includes welding transformer 2 having a
primary winding 2p and two secondary
windings 2s and 2t. Connected across the
secondary winding 2s is a series circuit of thy-
ristor 3a, welding load R and thyristor 3b. A
junction J3 between the thyristor 3a and the
electrode 6 is connected, through a transistor
9a, to a junction J4 between the terminal 2b
and the thyristor 3b. Similarly, a series circuit of
thyristor 3c, welding load R and thyristor 3d is
connected across the secondary winding 2t. A
junction Jb between the terminal 2¢ and the
thyristor 3c is connected, through a transistor
9b, to a junction J6 between the electrode 6
and the thyristor 3d. A reactor 4 is connected
between the junctions J4 and J5. The tran-
sistors 9a and 9b are coupled with switching
circuits 10a and 10b, respectively, for
controlling the turning on and off of the tran-
sistors 9a and 9b. The operation of the double
control type a.c. arc welder with transistor
control system is described below in connec-
tion with Figures 27a to 27d.

At the moment T1, the thyristors 3a and 3¢
are both conducted simultaneously to allow the
welding current to flow through a closed circuit
of terminal 2a, thyristor 3a, welding load R, thy-
ristor 3¢, reactor 4 and terminal 2b, as indicated
by an arrow shown in Figure 27a. During this
current flow, energy is accumulated in the
reactor 4. When the voltage across the load R
becomes greater than that across the terminals
2a and 2b, the energy accumulated in the
reactor 4 starts to dissipate to aid the current
from the source. Thus, the current continues to
flow through the same path as before, as
indicated by an arrow shown in Figure 27b.
Then, when the polarity of the voltage across
the winding 2s is changed, the transistor 9a is
turned on to flow current from the reactor 4
therethrough, as indicated by an arrow shown
in Figure 27c. Then, at the moment T4, the thy-
ristors 3b and 3d are conducted to flow current
as indicated by an arrow shown in Figure 27d.
During this current flow, energy is accumulated
in the reactor 4 which is then dissipated in a
similar. manner described above to complete
one cycle of operation. ]

Referring to Figure 28, there is shown a
schematic circuit of a double control type a.c.
arc welder with GTO thyristor control system. In
place of transistors 9a and 9b, the circuit of
Figure 28 has GTO thyristors 9¢ and 9d which
are coupled with fire control circuits 10c and
10d, respectively. Since the operation is similar
to that described above, a further description
therefor is omitted.
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Referring to Figure 29, there is shown a
schematic circuit of a double control type a.c.
arc welder with thyristor control system. This
circuit employs thyristors 9e to 9h for estab-
lishing bypass circuits. Since the thyristors 9e
to 9h are controlled in a manner similar to those
described above in connection with Figure 16, a
further description is omitted. :

Although the present invention has been fully
described with reference to preferred embodi-
ments, many modifications and variations
thereof will now be apparent to those skilled in
the art, and the scope of the present invention is
therefore to be limited not by the details of the
preferred embodiments described above, but by
the terms of the appended claims.

Claims

1. An a.c. arc welder comprising a trans-
former (2) including a primary winding (2p)
adapted to receive a single phase a.c. current
from an a.c. power source (E) and at least one
secondary winding (2S; 2T);

an electrode (6) adapted to produce a welding
arc (7) between said electrode (6) and a
workpiece (8), said electrode, arc and work-
piece constituting a welding load (R);

a first welding current path established
between opposite ends of said secondary
winding (2S, 2T) and including a first phase
control circuit (3a), a first reactor (4a; 4) and
said welding load (R) which are connected in
series between opposite ends of said secon-
dary winding, said first phase control circuit
(3a) being responsive to each of positive
polarity half-cycles of the a.c. power and
provided for allowing current from said
secondary winding to pass therethrough in a
controlled phase, said first reactor (4a; 4)
being provided for accumulating electrical
energy when the voltage from said secondary
winding is higher than that across the
welding load and dissipating said accumu-
lated energy when the voltage from said
secondary winding is lower than that across
the welding load; and

a second welding current path established
between opposite ends of said secondary
winding (2S, 2T) and including a second
phase control circuit {3b), a second reactor
{4b; 4) and said welding load (R) which are
connected in series in said second welding
current path, said second phase control
circuit {(3b) being responsive to each of nega~
tive polarity half-cycles of the a.c. power and
provided for allowing current from said
secondary winding to pass therethrough in a
controlled phase, said second reactor (4b; 4)
being provided for accumulating electrical
energy when the voltage from said secondary
winding is higher than that across the
welding load (R) and dissipating said
accumulated energy when the voltage from
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said secondary winding is lower than that
across the welding load;

characterized by a first bypass circuit (9a; 9c;
9e) connected in parallel to the series
connection of said first reactor (4a; 4) and
said welding load (R) and coupled to a first
switching circuit (10a; 10c; 10e) for
rendering said first bypass circuit conductive
during a period of time within the period of
dissipation of the energy accumulated in the
first reactor (4a; 4); and

a second bypass circuit {9b, 9d, 9g) connected
in parallel to the series connection of said
second reactor {4b; 4) and said welding load
(R) and coupled to a second switching circuit
{10b; 10d; 10g) for rendering said second
bypass circuit conductive during a period of
time within the period of dissipation of the
energy accumulated in the second reactor
(4b; 4).

2. An a.c. arc welder as claimed in claim 1,
wherein each of said first and second bypass
circuits {9a, 9b) is formed by a transistor.

3. An a.c. arc welder as claimed in claim 1,
wherein each of said first and second bypass
circuits (9c, 9d) is formed by a GTO thyristor.

4. An a.c. arc welder as claimed in claim 1,
wherein each of said first and second bypass
circuits (9e, 9¢g) is formed by a thyristor.

8. An a.c. arc welder as claimed in claim 1,
wherein said first reactor has a core in common
with that of the second reactor.

6. An a.c. arc welder as claimed in claim 1,
wherein said transformer (2} includes one
secondary winding (2S), said first and second
welding current paths being established
between opposite ends of said one secondary
winding {(28).

7. An a.c. arc welder as claimed in claim 1,
wherein said transformer (2} includes two
secondary windings (2S, 2T), said first and
second welding current paths being estab-
lished between opposite ends of a respective
one of the two secondary windings.

8. An a.c. arc welder as claimed in claim 6 or
7, wherein said first welding current path
further includes a first fire control circuit (5a)
which is connected to said first phase control
circuit (3a), said first reactor {4a; 4) and said
welding load (R}, said first fire control circuit
{5a) being opened during a period from the start
of current flow through said first phase control
circuit (3a) until the start of current flow
through said second phase control circuit (3b).

9. An a.c. arc welder as claimed in claim 6 or
7, wherein said second welding current path
further includes a second fire control circuit {(5b)
which is connected to said second phase
control circuit (3b), said second reactor (4b; 4)
and said welding load (R), said second fire
control circuit (5b) being opened during a
period from the start of current flow through
said second phase control circuit (3b) until the

10

15

20

25

30

35

40

45

50

55

60

65

12

start of current flow through said first phase
control circuit (3a).

Patentanspriiche

1. Vorrichtung zum Lichtbogenschweif3en
mit Wechselstrom, mit einem Transformator (2)
mit einer Primarwicklung (2p), die einen ein-
phasigen Wechselstrom von einer Ver-
sorgungsquelle (E) empféngt und mit minde-
stens einer Sekundéarwicklung;

mit einer Elektrode (6), die zwischen Werk-
stiick (8) und Elektrode {6) einen Lichtbogen
erzeugen kann, wobei Elektrode, Lichtbogen
und Werkstiick einen Schweillwiderstand (R)
bilden;

mit einem ersten Schweillstrompfad, der zwi-
schen entgegengesetzten Enden der Sekun-
dérwicklung (2S, 2T) angeordnet ist und
einen ersten Phasensteuerkreis (3a), eine
erste Drossel (4a, 4) und den SchweiRwider-
stand (R) enthélt, welche in Reihe zwischen
den entgegengesetzten Enden der Sekundér-
wicklung angeschlossen sind, wobei der
erste Phasensteuerkreis (3a) in Abhéngigkeit
von jedem Halbzykius der Wechselspannung
mit positiver Polaritdt einen Stromflufd mit
gesteuerter Phase von der Sekundédrwick-
lung erlaubt, wobei die erste Drossel (4a, 4)
vorgesehen ist, um elektrische Energie zu
speichern, wenn die Spannung von der
Sekundérwicklung groRer als die (ber den
Schweilwiderstand abfallende ist, und um
die gespeicherte Energie abzugeben, wenn
die Spannung von der Sekundérwickiung
kleiner ist als die (iber den SchweiBwider-
stand abfallende; und

mit einem zweiten SchweilRstrompfad, der zwi-
schen entgegengesetzten Enden (25, 2T) der
Sekundarwicklung angeordnet ist und einem
zweiten Phasensteuerkreis (3b), eine zweite
Drossel {4b, 4) und den Schweiwiderstand
enthélt, welche in Reihe im zweiten Sch-
weildstrompfad angeschlossen, sind, wobei
der zweite Phasensteuerkreis in Abhédngig-
keit von jedem Halbzyklus der Wechselspan-
nung mit negativer Polaritdt einen StromfluR
mit gesteuerter Phase von der Sekunddér-
wicklung erfaubt, wobei die zweite Drossel
{4b, 4) vorgesehen ist, um elektrische Ener-
gie zu speicher, wenn die Spannung von der
Sekundérwicklung groRer als die (iber den
SchweiBwiderstand abfallende ist und um
die gespeicherte Energie abugeben, wenn
die Spannung von der Sekundé&rwicklung
kleiner ist als die {iber SchweiBwiderstand
abfallende;

gekennzeichnet durch einen ersten Bypasskreis
{9a, 9c, 9e), der parallel zur Reihenschaltung
aus erster Drossel (4a, 4) und SchweiB-
widerstand (R) angeschlossen ist und mit
einem ersten Steuerschaltkreis (10a, 10c,
10e) verbunden its, der den ersten Bypass-
kreis wahrend einer Zeitspanne innerhalb
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derer, in welcher die in der ersten Drossel
(4a, 4) gespeicherte Energie abgegeben wird,
leitfdhig macht; und o

durch einen zweiten Bypasskreis (9b, 9d, 9g),
der paraliel zur Reihenschaltung aus zweiter
Drossel (4b, 4) und SchweiBwiderstand (R)
angeschlossen ist und mit einem zweiten
Steuerschaltkreis (10b, 10d, 10g} ver-
bunden ist, der den zweiten Bypasskreis wéh-
rend einer Zeitspanne innerhalb derer, in
welcher die in der zweiten Drossel (4b, 4)
gespeicherte Energie abgegeben wird, leit-
fahig macht.

2. Vorrichtung zum Lichtbogenschweilen
mit Wechselstrom nach Anspruch 1, dadurch
gekennzeichnet, dal® der erste und der zweite

Bypasskreis (9a, 9b) durch einen Transistor ge-

bildet wird.

3. Vorrichtung zum LichtbogenschweilRen
mit Wechselstrom nach Anspruch 1, dadurch
gekennzeichnet, dal® der erste und der zweite
Bypasskreis (9¢, 9d) durch einen GTO-Thyristor
gebildet ist.

4. Vorrichtung zum Lichtbogenschweifien
mit Wechselstrom nach Anspruch 1, dadurch
gekennzeichnet, dal® der erste und der zweite
Bypasskreis (9e, 9g) durch einen Thyristor
gebildet ist.

5. Vorrichtung zum Lichtbogenschweilen
mit Wechselstrom nach Anspruch 1, dadurch
gekennzeichnet, dal® die erste Drossel mit der
zweiten Drossel einen gemeinsamen Kern hat.

6. Vorrichtung zum Lichtbogenschweifen
mit Wechselstrom nach Anspruch 1, dadurch
gekennzeichnet, da der Transformator (2) eine
Sekundarwicklung (2S) aufweist, wobei die
ersten und zweiten Strompfade zwischen den
entgegengesetzten Enden der einen Sekundér-
wicklung (2S) angeordnet sind.

7. Vorrichtung zum Lichtbogenschweifzen
mit Wechselstrom nach Anspruch 1, dadurch
gekennzeichnet, daR der Transformator (2) zwei
Sekundérwicklung (28, 2T) aufweist, wobei der

erste und der zweite Schweilstrompfad zwi-

schen den entgegengesetzten Enden der ersten
bzw. der zweiten Sekundérwicklung angeord-
net ist.

8. Vorrichtung zum Lichtbogenschweifden
mit Wechselstrom nach Anspruch 6 oder 7, da-
durch gekennzeichnet, dal3 der erste Schweil3-
strompfad ferner einen ersten Ziindsteuerkreis
{5a) enthélt, der mit dem ersten Phasensteuer-
kreis (3a), der ersten Drossel (4a, 4} und dem
Schweiwiderstand (R) verbunden ist, wobei
der erste Ziindsteuerkreis (5a) gedffnet ist wéh-
rend einer Zeitspanne vom Beginn des Strom-
flusses durch den ersten Phasensteuerkreis (3a)
bis zum Beginn des Stromflusses durch den
zweiten Phasensteuerkreis (3b).

9. Vorrichtung zum Lichtbogenschweilden
mit Wechselstrom nach Anspruch 6 oder 7, da-
durch gekennzeichnet, daR® der zweite Sch-
weilRstrompfad ferner einen zweiten Ziind-
steuerkreis (bb) enthélt, der mit dem zweiten
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Phasensteuerkreis (3b), der zweiten Drossel

- {4b, 4) und dem SchweiRwiderstand (R) ver-

bunden ist, wobei der zweite Ziindsteuerkreis
(6b} gedffnet ist, wihrend einer Zeitspanne vom
Beginn des Stromflusses durch den zweiten
Phasensteuerkreis (3b} bis zum Beginn des
Stromflusses durch den ersten Phasensteuer-
kreis (3a).

Revendications

1. Machine & souder & I'arc en courant alter-
natif comprenant un transformateur (2) avec un
enroulement primaire (2b) agencé pour rece-
voir un courant alternatif monophasé d'une
source d'alimentation alternative (E) et au
moins un enroulement secondaire {2s, 2t); une
électrode (6) agencée pour produire un arc de
soudage (7) entre ladite électrode (6) et une
piéce (8), ladite électrode, I'arc et la piéce con-
stituant une charge de soudage (R); un premier
circuit de courant de soudage établi entre des
extrémités opposées dudit enroulement secon-
daire (2s, 2t) et comprenant un premier circuit
de commande de phase (3a), une premiére
bobine de réactance (4a; 4) et ladite charge de
soudage (R) qui sont connectés en série entre
des extrémités opposées dudit enroulement
secondaire, ledit premier circuit de commande de
phase (3a) réagissant & chacune des alter-
nances de polarité positive de ['alimentation
alternative et permettant qu'un courant
provenant dudit enroulement secondaire y
circule dans une phase commandée, ladite
premiére bobine de réactance (4a; 4) étant
prévue pour emmagasiner de I'énergie élec-
trique quand la tension dudit enroulement
secondaire est supérieure a celle aux bornes de
la charge de soudage; et pour dissiper ladite

‘énergie emmagasinée quand la tension dudit

enroulement secondaire est inférieure a celle
aux bornes de la-charge de soudage; et un
second circuit de soudage établi entre des
extrémités opposées dudit enroulement secon-
daire (2s, 2t) et comprenant un second circuit
de commande de phase (3b) une seconde
bobine de réactance (4b; 4) et ladite charge de
soudage (R) qui sont connectés en série dans
ledit second circuit de courant de soudage, ledit
second circuit de commande de phase (3b)
réagissant & chacune des alternances de’
polarité négative de I'alimentation alternative et
permettant qu'un courant provenant dudit
enroulement secondaire y circule dans une
phase commandée, ladite seconde bobine de
réactance (4b; 4} étant prévue pour emma-
gasiner de I'énergie électrique quand la tension
aux bornes de I'enroulement secondaire est
supérieure 3 celle aux bornes de la charge de
soudage (R) et pour dissiper ladite énergie
emmagasinée quand la tension dudit enroule-
ment secondaire est inférieure & celle aux
bomnes de la charge de soudage, caractérisé par
un premier circuit de dérivation (9a, 9c; 9e)
connecté en paralléle avec la connexion en série
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de ladite premiére bobine de réactance (4a; 4)
et de ladite charge de soudage (R) et couplé
avec un premier circuit de commutation (10a,
10c, 10e) pour rendre conducteur ledit premier
circuit de dérivation pendant une période a
I'intérieur de la période de dissipation de
I'énergie emmagasinée dans la premiére bobine
de réactance (4a; 4); et un second circuit de
dérivation (Sb; 9d, 9¢g) connecté en paraliéle
avec la connexion en série de ladite seconde
bobine de réactance (4b; 4) et ladite charge de
soudage (R} et connecté & un second circuit de
commutation (10b, 10d, 10g) pour rendre
conducteur ledit second circuit de dérivation
pendant une période A I'intérieur de la période
de dissipation de |'énergie emmagasinée dans
{a seconde bobine de réactance (4b; 4).

2, Machine a souder a l'arc en courant alter-
natif selon la revendication 1, dans laquelie
chacun desdits premiers et seconds circuits de
dérivation (9a, 9b) est constitué par un tran-
sistor.

3. Machine a souder a I'arc en courant alter-
natif selon la revendication 1, dans laquelle
chacun desdits premiers et seconds circuits de
dérivation (9c, 9d) est constitué par un thy-
ristor GTO.

4, Machine a souder a l'arc en courant
alternatif, selon la revendication 1, dans
laquelle chacun desdits premiers et seconds
clrcuits de dérivation (9e, 9g) est constitué par
un thyristor.

5. Machine & souder a I'arc en courant alter-
natif selon fa revendication 1, caractérisé en ce
que ladite premiére bobine de réactance com-
porte un noyau en commun avec celui de la
seconde bobine de réactance.

8. Machine a souder a I'arc en courant alter-
natif selon 1a revendication 1, dans laquelle ledit
transformateur (2) comporte un enroulement
secondaire (2s) lesdits premiers et seconds
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circuits de courant de soudage étant établis
entre les extrémités opposées dudit enroule-
ment secondaire (2s).

7. Machine a souder a I'arc en courant alter-
natif selon la revendication 1, dans laquelle ledit
transformateur (2) comporte deux enroule-
ments secondaires {2s, 2t) lesdits premiers et
seconds circuits de courant de soudage étant
établis entre les extrémités opposés de 'un
respectif des deux enroulements secondaires.

8. Machine a souder & I'arc en courant alter-
natif selon la revendication 6 ou 7, dans
laquelle ledit premier circuit de courant de
soudage porte en outre un premier circuit de
commande de déclenchement (5a) qui est
connecté audit premiére circuit de commande
de phase (3a), a ladite premiére bobine de
réactance (4a, 4) et ladite charge de soudage
(R), ladite premier circuit de commande de
déclenchement (ba) étant ouvert pendant une
période a partir du début de la circulation du
courant dans ledit premier circuit de com-
mande de phase de (3a) jusqu'au début de la
circulation de courant dans ledit second circuit
de commande de phase (3b).

9. Machine & souder & I'arc en courant alter-
natif selon la revendication 6 ou 7, dans la-
quelle ledit second circuit de courant de
soudage comporte en outre un second circuit
de commande de déclenchement (5b) qui est
connecté audit second circuit de commande de
phase (3b) 3 ladite seconde bobine de ractance
(4b; 4) et & ladite charge de soudage (R}, ledit
second circuit de commande de déclenche-
ment (5b) étant ouvert pendant une période 3
partir du début du passage du courant dans
ledit second circuit de commande de phase (3b)
jusqu’au début du passage d’un courant dans

ledit premier circuit de commande de phase
(3a).
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